
Abstract. Liver cancer is one of the leading causes of cancer
death worldwide. To identify novel target genes that are
related to liver carcinogenesis, we examined new genes
that are differentially expressed in human hepatocellular
carcinoma (HCC) cell lines and tissues based on the expressed
sequence tag (EST) frequency. Eleven libraries were
constructed from seven HCC cell lines and three normal liver
tissue samples obtained from Korean patients. An analysis of
gene expression profiles for HCC was performed using the
frequency of ESTs obtained from these cDNA libraries.
Genes were identified (n=120) as being either up- or down-
regulated in human liver cancer cells. Among these, 14 genes
(FTL, K-ALPHA1, LDHA, RPL4, ENO1, ANXA2, RPL9,
RPL10, RPL13A, GNB2L1 , AMBP, GC , A1BG, and
SERPINC1), in addition to previously well-known liver
cancer related genes, were confirmed to be differentially
expressed in seven liver cancer cell lines and 17 HCC tissues
by semi-quantitative RT-PCR. In addition, 73 genes, in
which there was a significant difference (P>0.99) between
HBV- and HCV-associated HCC cells, were selected. Of
these, expression patterns of 14 (RPLP0, AKR1C, KRT8,
GPX4, RPS15, ID1, RPS21, VIM, EEF1G, EIF4A1, HLA-C,
FN1, CD44 , and RPS10) were confirmed by semi-
quantitative RT-PCR in four of HBV- and three of HCV-
associated HCC cell lines. Among those genes, an immuno-
histochemical analysis for ANXA2 showed that it is

expressed at high levels in HCC. Using an analysis of EST
frequency, the newly identified genes, especially ANXA2,
represent potential biomarkers for HCC and useful targets for
elucidating the molecular mechanisms associated with HCC
involving virological etiology.

Introduction

Liver cancer is one of the leading causes of cancer death
worldwide. Hepatocellular carcinoma (HCC) is the most
common primary cancer of the liver. Major risk factors for
HCC are chronic hepatitis resulting from infection with HBV
or HCV and exposure to various exogenous carcinogens,
including aflatoxin B1 (1). Studies have shown that the
incidence of HCC has substantially increased in East Asia,
including Korea and Japan (2,3). Since most patients
suffering from HCC do not survive long-term, a great deal of
interest and urgency has developed regarding identifying
novel HCC diagnostic markers for early detection and
cancer-specific related genes as potential therapeutic targets
in the treatment of HCC (4). Therefore, different markers are
needed to correctly diagnose HCC.

Liver carcinogenesis is a multi-step process involving a
variety of genetic alterations. The molecular mechanisms of
hepatocarcinogenesis are not well understood, although
aneuploidy and multiple genetic alterations are frequently
present. It is noteworthy that mutations of p53, Rb and
ß-catenin, as well as the overexpression of c-myc and cyclin
D1, have been reported in HCC (5-8). A loss of heterozygosity
(LOH) at multichromosomal loci has also been frequently
reported in human HCC (9-11). In addition, several growth
factors such as TGF · and ß are known to be implicated in
the development of HCC (12,13). An analysis of the gene
expression profile in HCC using a microarray has also been
reported (14-17). Shirota et al reported that transcriptional
factors or tissue-specific expression proteins were related to
cell differentiation or the development of HCC (14). In
addition, it has been reported that mitosis-promoting genes
are up-regulated in HCC (17). Genes involved in cell cycle
regulation such as cyclin, cyclin-dependent kinases, and cell
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cycle negative regulators have also been reported to be
down-regulated (15).

The application of global approaches such as the
collection of expressed sequence tags (ESTs), Serial
Analysis of Gene Expression (SAGE) and microarray
techniques have been shown to be useful in the analysis of
complex biological phenomena, including human diseases
(15,17-21). Among these approaches, the expressed sequence
tags (ESTs) generated by the single-pass sequencing of
randomly selected cDNA clones from cDNA libraries have
been used to identify novel genes (22). ESTs have also been
found to be useful for the differential and quantitative
analysis of expression patterns (23), and evaluation of gene
expression profiles in a specific tissue (22-24). Therefore,
it is evident that the identification and cataloging of
genes associated with liver carcinogenesis, obtained by
detailed gene expression profiles, would facilitate the

elucidation of the molecular mechanisms of liver
carcinogenesis.

To identify the genes associated with HCC by examining
their expression profiles, we collected a large number of
genes that are expressed in HCC cell lines or tissues. In
particular, we applied a strategy for obtaining full-length
cDNAs, since these clones are a valuable resource for the
functional study of genes. As a first step, we constructed
eleven full-length enriched cDNA libraries from HCC cell
lines and tissues from Korean patients (25,26). Using the
EST frequency obtained from the liver EST data, the
expression profile of the genes expressed in HCC cell lines
and tissues was analyzed, and genes that are differentially
expressed between HCC and normal tissues were selected as
candidate markers for the diagnosis of HCC. Here, we report
on the identification of genes containing HBV and/or HCV
that are related to HCC .
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Table I. Primer sequences for semi-quantitative RT-PCR.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Genes Forward (5'➝3') Reverse (5'➝3')
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
HCC vs. Normal

FTL ATGAGCTCCCAGATTCGTCA CCAGGAAGTCACAGAGATGG

K-ALPHA-1 GGCTTCAAGGTTGGCATC CCTCTCCTTCTTCCTCACC

LDHA ATGGCAACTCTAAAGGATCA GCAACTTGCAGTTCGGGC

RPL4 GAGCTGGCAAAGGCAAA TCCGGCGCATGGTCTTT

EN01 GACTTGGCTGGCAACTCTG GGTCATCGGGAGACTTGAA

ANXA2 ATGTCTACTGTTCACGAAAT GCTCCTGGTTGGTTCTGG

RPL9 ATGAAGACTATTCTCAGCAATC TGAACAAGCAACACCTGGTC

RPL10 ATGGGCCGCCGCCCCGCC TGAGTGCAGGGCCCGCCA

RPL13A ATGGCGGAGGTGCAGGTC GACCAGGAGTCCGTGGGT

GNB2L1 AACCACATTGGCCACACA TGCCAATGGTCACCTGC

AMBP AGTGGTACAACCTGGCCATC ACAGCCCTCCGGACTCTC

GC ATGAAGAGGGTCCTGGTACTAC TCATTTGTGGGTTCCACGTA

A1BG ATGTCCATGCTCGTGGTCTT TCAGGCACCTCCAGAAACTC

SERPINC1 ATGTATTCCAATGTGATAGGAA TCAGTTGCTGGAGGGTGTC

HBV-HCC vs. HCV-HCC

RPLPO GTTGCTGGCCAATAAGGT GCCAAGAAGGCCTTGACC

AKR1CN AACTTCAACCACAGGCTGCT ACACCTGCACGTTCTGTCTG

KRT8 CTGCTGGAGGGCGAGGA CAGCGCAGGAGGGGTAG

GPX4 CAGTGAGGCAAGACCGAAGT GGGGCAGGTCCTTCTCTATC

RPS15 CTTCCGCAAGTTCACCTACC GGGCTTGTAGGTGATGGAGA

ID1 GGTGCGCTGTCTGTCTGAG CTGATCTCGCCGTTGAGG

RPS21 GCGAGTTCGTGGACCTGTA CCAATCGGAGAATGGAATCA

VIM ATGTCCACCAGGTCCGTG TCGTTGGTTAGCTGGTCCAC

EEF1G AGGCGCTGGCTGCTGAG CGTAGTCCACCTGCCAATC

EIF4A1 CTGGCCGTGTGTTTGATATG TGTCCAGCTTCCACTCCTCT

HLA-C TGGGGAGGACCAAACTCA GCAGCTCCCTCCTTTTCC

FN1 CCAACCTACGGATGACTCGT TGGCACCGAGATATTCCTTC

CD44 GGCCAGCAAGTCTCAGGA AGGCCTCCAAGTGGGAAC

RPS10 AGACAAGAATGTGCCCAACC GGGGCAGATGAAGGTAATCA
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
B2M CTCGCTCCGTGGCCTTAG CAAATGCGGCATCTTCAA
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Materials and methods

Cell culture, tissue samples and RNA preparation. The four
different cell lines established from Korean HCC patients,
SNU354, SNU368, SNU387 and SNU475, were hepatitis B
surface antigen-positive and obtained from the Korean Cell
Line Bank (http://cellbank.snu.ac.kr/) (27). Three different
cell lines established from Korean HCC patients with HCV-
positive HLK1, HLK3 and JSHC were obtained from the
Chonbuk National University Medical School and Hospital,
Korea (28). All seven cell lines were maintained at 37˚C in
humidified air containing 5% CO2 using Dulbecco's modified
Eagle's medium (DMEM; Gibco BRL, Gaithersburg, MD)
supplemented with 10% fetal bovine serum.

The three normal liver tissues, N779227, N800102 and
N803806, were used to construct the cDNA libraries, and
obtained from necropsy in the Catholic University of
Medicine, Daejeon, Korea. Seventeen tissues with pairs of
HCC tumors and adjacent non-tumor tissue were collected at
the Catholic University of Medicine, Seoul, Korea. All
patients participating in this study gave their informed
consent before surgery. The HCCs were classified as grade I
(n=3), II (n=5), III (n=5) and IV (n=4), respectively,
corresponding to the criteria of Edmondson and Steiner (29).

Total RNA was extracted from the cultured cells and
tissues using a commercially available RNA Isolation kit
(Qiagen, Hilden, Germany) following the procedures
recommended by the manufacturer.

Construction of cDNA library and DNA sequencing. The
full-length cDNA library was constructed using an improved
capping method (25). Plasmid DNAs were extracted from
clones that had been randomly selected from the constructed
cDNA libraries using an MWG Plasmidprep 96 (MWG
Biotechnology, Ebersberg, Germany). DNA sequencing was
performed using previously described procedures (30).

Bioinformatic analysis of ESTs. Analysis of the collected
ESTs with a bioinformatic tool was performed following
previously described procedures (30). The annotation of
‘high quality’ liver ESTs were carried out using the human
mRNA subset extracted from the GenBank database and
UniGene database (Hs.seq.all, build #163) for similarity
comparisons using BLASTN. For a protein similarity
assessment, a comparison was performed against the non-
redundant protein database using BLASTX.

Gene expression analysis. The frequency of each gene was
analyzed by dividing the number of ESTs of a gene by the
number of total clones merged into the UniGene database
build #163 in each library. Genes that were abundantly
expressed in each cDNA library were selected and listed
from among ESTs showing an expression frequency of
≥0.11%. Significant differences in gene expression between
the data sets were calculated using a previously described
method (31). Analysis of expressional differences between
the normal pool and HCC pool was performed with a cut-off
probability of 0.999. The same analysis, substituting an
expression frequency of ≥0.1% and a cut-off probability of
0.99, was also performed for the HBV pool and HCV pool.

The gene list was sorted according to gene frequency in the
pool of the overexpressing gene.

The Gene Ontology (GO) database (www.geneontology.org/
#godatabase) was used to classify the gene profiles into the
gene ontology. Each UniGene cluster was mapped to
LocusLink (as of April 21, 2004), then assigned GO IDs, as
in the LocusLink database.

Semi-quantitative RT-PCR. Reverse transcription (RT) was
performed with 5 μg of isolated RNA using previously
described procedures (30). To quantify the amounts of first
cDNAs, the RT solution mixed with a human B2M competitor
DNA was used as the template for PCR. PCR was performed
according to the method of Kim et al (30); conditions were
1 cycle for 2 min at 94˚C, and 25 cycles of 94˚C for 30 sec,
55˚C for 1 min, and 72˚C for 1 min with B2M primers
(Table I). The concentration of the first cDNA of each
sample was adjusted based on the amounts of PCR product
of B2M competitor DNA. To validate the expression level of
the selected genes, PCR was performed using adjusted first
cDNAs as templates and a specific primer set for each gene
(Table I) with the same conditions used in the above PCR.
The transcriptional activity of each gene in the HCC cell
lines was calculated relative to the average amount of target
gene in normal tissues for up-regulated genes in the HCC
pool or relative to that of cancer cells for down-regulated
genes in the HCC pool, and are presented as the relative fold
expression change (log base 2) after normalization against a
B2M standard. On the other hand, the transcript levels of
target genes in HCC tissues were calculated relative to the
amount of target gene in the corresponding non-tumor liver
tissue, and are presented as the relative fold expression change
(log base 2) after normalization against B2M. In addition, the
transcript levels of the up- or down-regulated target genes in
HBV-HCC cell lines were calculated using the same method,
except that they were done relative to the average amount of
target gene in the HCV pool for up-regulation in the HBV
pool or relative to that of the HBV pool for up-regulation in
the HCV pool. The amount of B2M product in each cell line
and tissue was calculated from a standard curve.

Immunohistochemistry. Immunohistochemical staining of
ANXA2 in HCC tissues was performed using the same
previously described procedures (32). A goat polyclonal
antibody against ANXA2 (Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA) was used as the primary antibody. These
antibodies were used at a dilution of 1:100 for ANXA2.

Results

Large-scale ESTs collection from human HCC cells and
tissues. Eleven full-length cDNA libraries were constructed
from seven HCC cell lines and three normal liver tissues
obtained from Korean patients. A total of 20,354 clones were
randomly selected from these 10 libraries and used for 5' end
single-pass sequencing. The obtained sequences were subjected
to quality control procedures, namely trimming of the vector
region and removal of low quality or short (<100 bp)
sequences. Finally, 18,831 high quality ESTs with an average
length of 500 bp were collected (Table II). After screening
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out the ESTs derived from mitochondrial DNAs, ribosomal
DNAs and human repetitive sequences, the remaining
sequences were submitted to the NCBI dbEST database
(accession nos. CB105131-CB164813). When all of our ESTs
were annotated by coalescing into human UniGene clusters
(build 163), they were assembled into 5,901 clusters. Most
were ESTs coding a known gene having an identity of at
least 95% with human Refseq or mRNA. These annotated
results were used in subsequent analyses of expression profiles. 

Identification of HCC related genes. To identify the
candidate genes related to human liver carcinogenesis, we
divided the constructed libraries into two groups, a ‘normal
pool’ and an ‘HCC pool’. The normal pool was composed of
three libraries of normal tissues and the HCC pool of eight
libraries of cancer cells. We then selected 120 genes that had
a frequency of >0.11% on average in each pool and showed
a significant difference (P>0.999) between the two pools. We
found 40 up-regulated genes and 80 down-regulated genes in
the HCC pool, as shown in Table III.

Among the up-regulated genes in the HCC pool,
significant differences were observed in the gene groups
associated with cell structure formation (K-ALPHA-1 and
ACTB), the glycolysis pathway (LDHA, ENO1, and PGK1),
heat shock proteins (HSPA8 and HSPCB), cytoskeletal
development (ANXA2 and TMSB10), and protein synthesis
(RPL4, RPL9, RPLP0, RPL10, RPL13A, RPS8, RPL5,
RPS12, RPL13, RPS20, RPL18A, RPS3A, RPS3, and RPS10).
Although gene EEF1A1 was relatively abundant in the
normal pool, the frequency of this gene in the HCC pool was
significantly higher than in the normal pool.

In the case of down-regulated genes in the HCC pool,
significant differences were observed in the gene groups
related to liver-specific genes (ALB, ORM1, C1R, and C3),
proteolysis and peptidolysis (HP, HPR, CPB2, and ACY1),
regulation and blood pressure (FGG, FGB, KNG, and AGT),
detoxification and drug metabolism (CYP2A6, MT2A, CYP2A7,
CYP2E1, and CYP2C8), lipid metabolism (APOH, APOA5,
RODH-4, CYP3A4, and APOA1), glycometabolism (HPD
and FBP1), alcohol metabolism (ADH1C, ADH1B, and
ADH1A), amino acid metabolism (AGXT and TAT), and the
immune system (CD74, CD14, AZGP1, and SLC22A1).

Verification of HCC-related genes using semi-quantitative RT-
PCR. To validate the up- and down-regulated genes in HCC
selected from the EST frequency data, we randomly selected 13
up-regulated genes from the HCC pool (FTL, K-ALPHA-1,
LDHA, RPL4, ACTB, ENO1, ANXA2, RPL9, RPLP0, RPL10,
VIM, RPL13A, and GNB2L1), and 10 commonly down-
regulated genes from the HCC pool (ALB, HP, AMBP, FGG,
GC, FGB, A1BG, VTN, SERPINC1, and FGA), and performed
semi-quantitative RT-PCR on HCC cell lines and tumor tissues.

Fig. 1 reveals the expression levels of the 10 up-regulated
genes and four down-regulated genes in liver cancers, except
for the previously reported liver cancer related genes such as
RPLP0, ACTB, VIM, ALB, HP, FGG, FGB, VTN and FGA.
As shown in Fig. 1A, the results of RT-PCR in HCC cell
lines show that all of the up-regulated genes were highly
expressed in most of the HCC cell lines, but were either
expressed at very low levels or not at all in normal tissues.
On the other hand, all down-regulated genes were expressed
at very low levels or not detected in all HCC cell lines, and
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Table II. Summary of cDNA libraries.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Unigene 163a

––––––––––––––––––
Source Library Vector Reads Clones Clusters
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
HCC cell lines

HBV-HCC
SNU475 L3 SNU475 pCNS-D2 2336 2233 1011
SNU368 L4SNU368 pCNS-D2 2524 2445 834
SNU354 L9SNU354 pT7T3-Pac 1516 1194 913

L11SNU354 pCNS-D2 1958 1627 1089
SNU387 L13SNU387 pCNS-D2 1181 1153 545

HCV-HCC
HLK1 L5HLK1 pCNS-D2 3601 3495 1492
JSHC L12JSHC pCNS-D2 1005 981 556
HLK3 L16HLK3 pT7T3-Pac 2429 2110 1426

Normal tissues
N800102 L7N800102 pCNS-D2 1466 1349 503
N779227 L19N779227 pCNS-D2 1254 1209 373
N803806 L20N803806 pCNS-D2 1084 1035 331

Total 20354 18831 5901
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aNumber of clones and clusters in NCBI Unigene Build 163 contributed by our EST sequences.
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showed high expression levels in normal tissues (Fig. 1B).
These results show that the transcriptional levels of the selected
genes by semi-quantitative RT-PCR are consistent with the
EST frequency data for all genes. 

An expression analysis of the 14 confirmed genes in all
17 pairs of HCC tumor tissues and their corresponding non-
tumor tissues in stages I-IV was also performed. The results
showed that the up-regulated genes were highly expressed in
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Table III. Genes showing a significant difference in expression (p>0.999a) between normal liver tissues and liver cancer cell lines.
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most HCC tumor tissues compared to their corresponding
non-tumor tissues (Fig. 2A). These genes were highly
expressed in tumors with a frequency of 53%-77% in 17
HCC tissues. In particular, the highly expressed frequencies
of these genes in HCC tumors were increased with increasing

progression. In addition, the expression patterns of four
down-regulated genes were also confirmed in HCC tumor
tissues. These genes were expressed at low levels in HCC
with a frequency of 59%-76% (Fig. 2B). The low expression
level of these genes was detected in stages I to IV of HCC.
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Figure 1. Semi-quantitative RT-PCR of the up- or down-regulated genes randomly selected from an HCC pool based on EST frequency in HCC cell lines.
Total RNAs were extracted from normal tissues (L19, N779227; L20, N803806) and HCC cell lines (L3, SNU475; L4, SNU368; L5, HLK1; L11, SNU354;
L12, JSHC; L13, SNU387; L16, HLK3) and used as templates for semi-quantitative RT-PCR (see Materials and methods for details). (A) Up-regulated and
(B) down-regulated genes in the HCC pool. The transcript levels of target genes were calculated relative to the average amount of target gene in normal
tissues (A) or relative to that of HCC cells (B), and are presented as the relative fold expression change (log base 2) after normalization against B2M. The
amount of B2M product in each cell line and tissue was calculated from a standard curve. A positive value represents an up-regulated expression level, and a
negative value represents a down-regulated expression level relative to the average amount of target gene.
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These results indicate that the confirmed data from semi-
quantitative RT-PCR are in good agreement with the EST
frequency data. In addition, the mRNA levels of the target
genes in liver tissues were largely consistent with those of
the cell lines.

Identification of genes related to HBV- or HCV-associated
HCC. It has clearly been established that HBV and HCV
infections are major risk factors for the development of HCC
(1). We further analyzed the EST frequencies between both
libraries of the HBV- and HCV-associated HCC cell lines to
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Figure 2. Semi-quantitative RT-PCR of the up- or down-regulated genes randomly selected from the HCC pool in HCC tissues. Total RNAs were extracted
from 17 HCC tumor samples and their corresponding non-tumor liver tissue samples, then used as templates for semi-quantitative RT-PCR. (A) Up-regulated
and (B) down-regulated genes in the HCC pool. The transcript levels of target genes were calculated relative to the amount of target gene in their
corresponding non-tumor liver tissue, and are presented as the relative fold expression change (log base 2) after normalization against B2M. I, II, III, and IV
designate classified HCC grades corresponding to Edmonson and Steiner.

315-327  28/6/06  12:53  Page 321



identify genes related to the virological features of HCC. The
examined HCC cell lines were divided into two groups:
‘HBV pool,’ composed of HBV-positive HCC cell lines; and
‘HCV pool,’ composed of HCC cell lines established from
HCV-positive HCC tissues. From this analysis, we isolated
73 genes with frequencies of >0.1% on average from each
pool and showing a significant difference (P>0.99) between
the two pools, as shown in Table IV.

The genes in the HBV pool were found to contain 42
up-regulated genes (versus the HCV pool), which included
genes such as FTL, GNB2L1, GCN5L1, FDPS, S100A4 and
ID1. Most of these genes have not been reported as being
related to the development and carcinogenesis of HBV-
associated HCC. A functional classification of these selected
genes showed that genes involved in protein synthesis
(RPLP0, RPL5, RPS12, RPS27, RPS29, RPL31, RPL13A,
RPS15, RPS21, RPS23, and RPL37), cytoskeletal organization
(ANXA2, KRT8, CKAP4, KRT7, and CFL1), xenobiotic and
lipid metabolism (AKR1C1, AKR1C3, NQO1, and AKR1C2),
metabolism (ALDH1A1, TALDO1, GPX4, and LTB4DH) and
transport (ATP5E and dj55C23.6) were included. In addition,

we observed 31 down-regulated genes in the HCV pool. In
this case, significant differences were found for genes such
as VIM, FOSL1, HMGA1, ATF4 and LMNA. Many of these
genes were involved in cell structure (K-ALPHA-1 and
ACTB), glycolysis (LDHA and GAPD), protein synthesis
(EEF1G, EIF4A1, RPL7, and RPS10), antigen presentation
(HLA-C and HLA-B), skeletal development (ANXA1 and
ANXA5), and cell adhesion (FN1 and CD44) according to the
GO term.

Verification of the genes related to HBV- or HCV-associated
HCCs using semi-quantitative RT-PCR. To more quantitatively
examine our data for hepatitis-virus infection in HCC, we
randomly selected 18 up-regulated genes from the HBV pool
and 12 down-regulated genes from the HBV pool. The
expression levels of these selected genes were confirmed by
semi-quantitative RT-PCR analysis in the cell lines. In a
comparison between RT-PCR data obtained from the HBV
pool and HCV pool, approximately 70% of the up-regulated
and down-regulated genes were in agreement with the EST
frequency data (data not shown). Fig. 3 represents the results
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Table IV. Genes showing a significant difference in expression (p>0.99a) between HBV- and HCV-associated HCC cell lines.
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Figure 3. Semi-quantitative RT-PCR of the up- or down-regulated genes randomly selected from an HBV pool based on EST frequency. Total RNAs were
extracted from HBV-HCC cell lines (L3, SNU475; L4, SNU368; L11, SNU354; L13, SNU387) and HCV-HCC lines (L5, HLK1; L12, JSHC; L16, HLK3).
(A) Up-regulated and (B) down-regulated genes in the HBV pool. The transcript levels of the target genes were calculated using the same method described in
Fig. 1, except that the transcript levels of target genes were calculated relative to the average amount of target gene in HCV pool (A) or relative to that of
HBV cells (B). AKR1CN indicates the AKR1C family including AKR1C1, AKR1C2 and AKR1C3.
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for the seven up-regulated genes and seven down-regulated
genes that had a high expressional difference between the
HBV pool and HCV pool. The genes selected as up-regulated
genes in the HBV pool were highly expressed in most of the
HBV pool (Fig. 3A), but expressed at low levels or not
expressed in most of the HCV pool. On the other hand, most
of the down-regulated genes were expressed at lower levels
in the HBV pool compared to the HCV pool (Fig. 3B).

Verification of protein levels for selected genes using
immunohistochemistry. To verify protein levels for the genes
confirmed by semi-quantitative RT-PCR, an immunohisto-
chemical analysis of 13 human liver cancer tissues, mainly
comprised of well- to moderately differentiated grade I or II
tumors, was performed. ANXA2 and ENO1 were selected as
target genes for HCC, as antibodies were available and
proteins previously confirmed to be related to HCC were
excluded.

Among 13 human liver cancer tissues, the ANXA2
protein was shown to be highly expressed in the 10 HCC
tumor tissues compared to their corresponding non-tumor
tissues. As shown in Fig. 4, it was highly expressed in the
HCC region (T) compared with the non-tumor liver region
(NT), and distributed mainly in the cytosol and membrane
regions. On the other hand, ENO1 proteins were not detected
in either normal liver or HCC tumor tissues in our study.
This is thought to be due to the low reactivity of antibodies
against ENO1. These results indicate that an increase in
mRNA levels for target genes such as ANXA2 in HCC are
coupled to the protein levels. In addition, these results suggest
that the selected target genes may be possible candidate
markers for the identification of HCC.

Discussion

A global gene expression analysis of human cancer may
provide important clues in understanding liver cancer
oncogenesis and lead to improvements in predicting its
clinical behavior. Using an analysis of EST frequency, we
examined the difference in gene expression profiles between
normal liver tissues and HCC cells, as well as between HBV-
positive and HCV-associated HCC. Although we performed
the gene expression analysis between normal liver tissues
and HCC cell lines because normal liver cell lines were not
available, data from these sets are consistent with RT-PCR

data from HCC tissues and their corresponding non-tumor
tissues. All HCC cell lines used in this study were obtained
from Korean liver cancer patients. It has been reported that
specific characteristics of genetic alterations in the original
tumors are maintained during the establishment of immortalized
cancer cells and, as a result, there is rarely a difference in
genetic changes between the cancer cell line and original
tumor (27,28). Our results are consistent with these reports in
that the EST frequency data from HCC cell lines was in
general agreement with RT-PCR data for the HCC cell lines
and tissues. Among the selected genes, at least 28 genes and
well-known HCC-related genes, as confirmed by semi-
quantitative RT-PCR, could be identified as novel genes
related to HCC, although some belong to the same functional
category as genes previously reported to be related to liver
cancer. These expression profiles may be useful for elucidating
the molecular carcinogenesis of HCC, especially HBV- and
HCV-associated HCC.

The gene expression profile between normal liver tissues
and HCC cells showed that genes involved in the glycolytic
pathway such as LDHA, ENO1 and PKM2 were increased in
HCC, which is in agreement with other studies that reported
an increase in glycolysis in many types of cancer (33,34).
These glycolytic enzymes are known to be a hypoxia-inducible
factor in other forms of cancer (35). This result indicates that
the HIF-1 · signaling pathway might be related to the
pathogenesis and progression of HCC. Several genes
involved in protein translation were also highly expressed in
HCC. Although most are known in HCC and in other cancers
(36-38), RPL4, RPL10 and RPL13, which were expressed at
high levels in human HCC tissues with a frequency of >70%,
have not been reported to be related to liver cancer, including
LDHA and ENO1 of the glycolytic pathway. The up-regulation
of these genes was shown to be higher in grade III/IV
carcinoma compared with those in grade I/II of HCC.
Generally, HCC appears to develop as well-differentiated
tumors (Edmondson grade I), then progress to moderately or
poorly differentiated states (Edmondson grade II, III, or IV).
In this respect, the expression of these genes was preferentially
increased in moderately to poorly differentiated tumors,
implying that an increased rate of protein synthesis is a major
characteristic of tumor progression. In addition, heat shock
proteins were found to be preferentially and highly expressed
in HCC. It has been reported that HSP90 was identified as an
essential host factor for hepatitis B virus replication (39) and
HSP70 as a molecular marker for early HCC (40). These
heat shock proteins are also known to be up-regulated in
many cancers (41). Since components related to survival and
apoptotic pathways are regulated by interactions with
molecular chaperones such as the HSP70 and HSP90 family
(41), these heat shock proteins may be a useful target region
for the molecular prognosis and treatment of liver cancer. On
the other hand, several genes for proteins associated with the
metabolism of alcohol, drugs, glucose, lipids, and amino
acids and in respiratory chain complexes were down-regulated
in liver cancer. In addition, the levels of a number of liver-
specific proteins such as albumin, transferrin, coagulation
factor, and complement components were decreased, as has
been reported previously (20). Among the down-regulated
genes, AMBP, GC, SERPINC1 and A1BG might be also
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Figure 4. Immunohistochemistry of ANXA2 in HCC tissues. T represents the
tumor region of HCC, and NT the non-tumor region. Original magnification,
x100 (patient 1) and x200 (patient 2).
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candidates for the diagnosis and treatment of liver cancer
because they are known to be immune-related proteins or
plasma proteins.

We also attempted to establish links between gene
expression and the viral status of HCC. Comparative analysis
of HBV- and HCV-associated HCC cell lines revealed that
many ribosomal-related genes such as RPL family genes
were up-regulated in HBV-associated HCC cell lines (HBV-
HCCs) in comparison to HCV-associated HCC cell lines
(HCV-HCCs), suggesting the activation of protein translation
in HBV-HCCs. This observation is consistent with the previous
report that major classes of genes encoding ribosomal proteins
were up-regulated by the HBX protein (19). In addition,
genes involved in extracellular matrix and cytoskeletal
organization, such as ANXA2, KRT8, CKAP4, KRT7 and
CFL1, were shown to be up-regulated in HBV-HCCs, as well
as genes such as K-ALPHA-1, ANXA1, ACTB, and ANXA5 in
HCV-HCCs. Our results support the hypothesis that the
deregulation of genes encoding proteins associated with the
cytoskeleton play a role in liver carcinogenesis (42). These
findings also indicate that the pathway for liver carcinogenesis
in the cytoskeleton may be different between HBV-HCCs
and HCV-HCCs. A large number of genes implicated in the
metabolism of xenobiotics, lipids, carbohydrates, nitric oxide
and leukotriene were also overexpressed in HBV-HCCs. Most
of these genes encode for key enzymes for chemotherapeutic
drugs or xenobiotic carcinogens. In particular, AKR1C1,
AKR1C2 and AKR1C3, which are members of AKR1C
(aldo-keto reductase family 1, member C), were highly
overexpressed in HBV-HCCs. These enzymes catalyze the
conversion of aldehydes and ketones to the corresponding
alcohols utilizing NADH and/or NADPH as cofactors.
Enhanced expression of these enzymes suggests that a greater
contribution of carcinogenic metabolites may be involved in
the mechanism of HBV-specific hepatocarcinogenesis.
These findings are consistent with previous reports on
the overexpression of AKR1D1 in HBV-HCC in comparison
to HCV-HCCs (43), but not in complete agreement with
previously reported findings such as overexpression of
AKR1D1 (44) and AKR1C4 (17) in HCV-HCC. On the other
hand, genes of HLA-B and HLA-C were highly expressed
in HCV-HCCs. Our results are consistent with previous
observations of increased expression of HLA-B and HLA-C
in human hepatoma cell lines that constitutively express the
HCV open reading frame (45) and increased expression of
HLA-B in liver fibrosis associated with chronic HCV infection
(46). In addition, cell adhesion genes such as FN1 and CD44
were found to be up-regulated in HCV-HCCs, but have not
been reported to be related to human HCV-HCCs. Most
obtained genes, which are expressed differently in the HBV
HCCs vis-a-vis HCV-HCCs, were newly identified, although
the up-regulation of genes such as tubulin and HMGA1 in
the HCV pool was in agreement with previous data (47). It
has been suggested that liver carcinogenesis induced by HBV
and HCV, in addition to common genetic and epigenetic
alterations, may involve distinct pathways (47). Our expression
profiles suggest that hepatitis viruses affect the expression of
dozens of genes in HCC in a type-specific manner, thus
invoking slightly different mechanisms of carcinogenesis.
The identification of genes defining virus type-specific

expression profiles would contribute to our ability to develop
virus type-dependent treatment regimens.

Annexins are calcium-dependent phospholipid-binding
proteins that play a role in the regulation of cellular growth
and in signal transduction pathways (48). They are highly
variable in their N-terminal region, which is known to
mediate the specific functions of individual annexins. Our
results indicate that transcripts of ANXA2 are overexpressed
in HCC, especially in HBV-HCCs compared to the HCV-
HCCs, although ANXA1 and ANXA5 are slightly overexpressed
in HCV-HCCs (data not shown). ANXA2 has been reported
to be increased in colorectal cancer (49), but decreased in
prostate cancer (50). These reports indicate that these
proteins have different functions, such as in tumor progression
or tumor suppression, depending on the cancer type or
specific stage. The expression of ANXA2 in liver cancer
has not yet been reported. Using immunohistochemistry,
overexpression of the ANXA2 protein was also confirmed in
HCC tissues. These results indicate that an increase in the
mRNA level of ANXA2 in HCC tissues coupled with that of
the protein level and change in the amount produced are
associated with carcinogenesis in HCC. From these results,
ANXA2 could be used as a marker for HCC.

We collected a total of approximately 21,000 unique ESTs
(data not shown), and comprehensive cDNA microarray
analyses using these clinical samples from several types of
liver cancers are underway. In the gene expression profiling,
our analysis using EST frequency has the advantage of
permitting candidate genes to be selected without bias in
comparison with the microarray analysis for only spotted genes.
With the data obtained from EST frequency, further studies
should provide a valuable resource for our understanding of
liver cancer by revealing specific patterns that may reflect the
prognosis and drug sensitivity of tumor cells, and identifying
genes that are involved in the malignant transformation,
progression, and metastasis of tumors. By raising antibodies
against the products of these genes, we hope to identify new
serum markers for the detection and diagnosis of HCC, and
perhaps new candidate targets for treatment. 
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